As conditions warm, previously rare landscape level fires are more likely to affect vegetation in the 9 Australian Alps including in subalpine grasslands. The recovery of this community was assessed using 10 paired unburnt and burnt plots (30 x 20 m) at ten sites 15 years after largescale fires that burnt >70% 11 of the subalpine zone in Kosciuszko National Park. There were few significant differences found: 12 higher cover of shrubs (17.8% burnt vs 11.3% unburnt plots), and taller vegetation (22.6 vs 19 cm). 13
Introduction 23
Fire is an important type of disturbance in many Australian ecosystems, shaping the composition 24 of much of the flora (Gill 1981 Fires are predicted to become more common as the climate of the Australian Alps continues to 45 become warmer and drier in summer (Hennessy et al. 2008 ; Mooney et al. 2011 ; Green and Osborne 46 2012; Zylstra 2018), with conditions already changing over the last few decades. Since 1950, the mean annual temperature has risen by 0.74°C at elevations above 1500 m (Gallagher et al. 2009 ), a 6% 48 reduction in annual precipitation (Wahren et al. 2013) , and a consequent reduction in snowpack depth 49 and persistence (Sánchez-Bayo and Green 2013). These changes are likely to have enhanced the 50 intensity and severity of fires in the Australian Alps (Mooney et al. 2011; Zylstra 2018) , with a 51 substantial increase in fire frequency over the past two decades (Fairman et al. 2016 These low-intensity fuel reduction burns promoted shrub dominance, resulting in a counterintuitive 58 increase in fuel loads in the years following fire (Good 1982 was applied to the matrices to identify species driving variances between the unburnt and burnt plots, with the most influential species represented using a Pearson correlation co-efficient. One-way 172 Analysis of Similarity with replicates (ANOSIM) was conducted on dissimilarity matrixes using 999 173 random permutations in Primer (version 6) (Clarke and Gorley 2006) . The ANOSIM test statistic (Rho) 174 is a measure of variation between unburnt and burnt plots compared to variation among unburnt plots 175 and among burnt plots using ranked differences among replicates (Clarke 1993 ) and is scaled between 176 ± 1, with values closer to + 1 indicating greater differences among samples (Chapman and Underwood 177 1999) . 178
179
Results 180
There were few differences between the unburnt and burnt plots in structure and cover. Vegetation 181 was, on average, 3.6 cm shorter in unburnt plots than in burnt plots (19.0 vs 22.6 cm, P <0.001). There 182 was no difference found for average biomass of vegetation (1.21 vs 1.03 kg m -2 ) including graminoid 183 biomass (1.12 vs 1.0 kg m -2 ) in unburnt plots compared to burnt plots. Forb biomass was low in both 184 unburnt and burnt plots with some plots with no measurable forb biomass (0.05 kg m -2 in unburnt vs 185 0.04 kg m -2 ). Although the cover of vegetation (97%), forbs (11 vs 10%) and invasive plants (10 vs 186 8%) were similar in unburnt and burnt plots, there was significantly less shrub cover in unburnt plots 187 (11 vs 18%, P = 0.033) and a trend for more graminoid cover (73 vs 67% cover) (Table 1 ). There was 188 limited bare ground, rock/scree and litter in any of the 20 plots, and no significant difference between 189 unburnt and burnt plots. 190
There was some variation among plots in the relative proportions of graminoids, forbs and shrubs 191 reflecting the high level of variability in this plant community, but no clear separation between unburnt 192 and burnt plots (Figure 2a ). This was confirmed by a One-way ANOSIM (R = 0.029, P = 0.269), with 193 an average similarity in growth form composition between unburnt and burnt plots of 86. 6%. 194 There was high diversity within plots (38 species) with a total of 124 species/taxa recorded across 195 the 20 plots, with the native snow grass Poa fawcettiae (52%) and the invasive grass Anthoxanthum odoratum (Sweet Vernal Grass, 7%) with the highest cover (Table 1 ). There were no significant 197 differences in the cover of any of the most common taxa, although a trend for higher cover of 198
Anthoxanthum ordoratum in unburnt plots (8.7 vs 5.4%). 199
Although there was variation in compostion among all the plots, there was no clear seperation 200 between unburnt and burnt plots in the ordination of overall species composition (One-way ANOSIM 201 (R = 0.086, P = 0.987) (Figure 2b Table 1 ). Biomass in burnt plots was 9% of that in unburnt plots 218
one-year post-fire (Bear and Pickering 2006) , but is now 85% of unburnt plots (Table 1 ).The recovery 219 of biomass is particularly important as previous research found that more than 1.0 kg m -2 of dry 220 graminoid and/or herbaceous biomass is required to reduce runoff and stabilise soils in subalpine grasslands (Costin 1959; Leigh et al 1987) . Several studies have found that biomass can take several 222 years to recover to levels that protected soils, let alone return to pre-fire levels. For example, the 223 recovery of biomass in subalpine grasslands in Victoria was still incomplete two and a half years post 224 the 2003 fires, with biomass still too low to provide sufficient soil protection (Wahren et al. 2001). 225 Research assessing previous fires demonstrated that biomass in lower altitude subalpine grasslands 226 (~1400 m a.s.l) recovered from fire after just four years (Leigh et al. 1987 ), but at higher elevations 227 subalpine grasslands took 12 years to recover to levels equivalent to unburnt areas (Costin 1959) . Alps, often result in increases in species with more ruderal functional traits compared to competitive 265 traits (Pickering and Venn 2013) . In some cases, this can result in short term increases in species 266 richness, or, as appears to have occurred here, no change in total richness, just changes in composition. 267
In other cases, fires have resulted in long-term shifts in growth form and species composition of 268 subalpine grasslands following fires as has occurred in Tasmania (Kirkpatrick and Dickinson 1984;  fires . 271
The 2003 fires were an extraordinary disturbance event that exposed soils in large areas of the 272 subalpine zone and there were concerns at the time that invasive plants may colonise these areas 273 Johnston 2003, 2004; Leaver and Good 2004) types of disturbance events (i.e. cattle grazing) (Costin 1959; Bryant 1973 ). Yet, one-year post-fire 280 there was no difference in invasive plant cover between unburnt and burnt subalpine grasslands (Bear 281 and Pickering 2006) . It should be kept in mind that the plots one-year post-fire and here 15 years post-282 fire were specifically selected to avoid other types of disturbance including hiking trails, roadsides, 283 infrastructure and feral animal activity. Although ten invasive plant species were recorded, all had low 284 cover indicating that fire has not affected invasive plant distribution and abundance in subalpine 285 grasslands, but these results must be interpreted cautiously due to low number of replicates. 286 Some limitations with the sampling methods used need to be considered in interpreting the results. 287
As pre-fire data for the burnt plots were not available, this study compared unburnt and burnt areas to 288 gauge recovery. However, due to the mosaic of subalpine grasslands that burnt in the 2003 fires, it is 289 possible that the unburnt plots did not burn because of some characteristics of their vegetation, and 290 hence are not representative of the vegetation in the burnt plots pre-fire. Some species within subalpine 291 grasslands have been found to be fire retardant (Williams and Costin 1994) , and therefore species 292 composition might have influenced how the fire spread. However, these factors may not have 293 influenced the results as there were several sources of ignition in the 2003 fires, with embers spread 294 by strong winds from the alpine ridgelines of the Main Range and fires were started by these embers 295 burning down-wind in the subalpine zone (Worboys 2003 ). Furthermore, low overnight temperatures, 296 weakening winds and dew in late January 2003 were thought to be the main factors extinguishing the 297 fires in the subalpine zone (Worboys 2003; Bear and Pickering 2006) . Thus, these climatic factors may 298 account for clear fire boundary within homogeneous vegetation, rather than compositional differences 299 between tracts of unburnt and burnt subalpine grassland. Also, the current study used randomly located 300 points, increased plot size and included more replicates and compared results with unburnt plots 301 addressing some of the limitations associated with previous studies post-fire in subalpine grasslands 302 
